Protein N-homocysteinylation induces the formation of toxic amyloid-like protofibrils.
Previous works reported that a mild increase in homocysteine level is a risk factor for cardiovascular and neurodegenerative diseases in humans. Homocysteine thiolactone is a cyclic thioester, most of which is produced by an error-editing function of methionyl-tRNA synthetase, causing in vivo post-translational protein modifications by reacting with the epsilon-amino group of lysine residues. In cells, the rate of homocysteine thiolactone synthesis is strictly dependent on the levels of the precursor metabolite, homocysteine. In this work, using bovine serum albumin as a model, we investigated the impact of N-homocysteinylation on protein conformation as well as its cellular actions. Previous works demonstrated that protein N-homocysteinylation causes enzyme inactivation, protein aggregation, and precipitation. In addition, in the last few years, several pieces of evidence have indicated that protein unfolding and aggregation are crucial events leading to the formation of amyloid fibrils associated with a wide range of human pathologies. For the first time, our results reveal how the low level of protein N-homocysteinylation can induce mild conformational changes leading to the formation of native-like aggregates evolving over time, producing amyloid-like structures. Taking into account the fact that in humans about 70% of circulating homocysteine is N-linked to blood proteins such as serum albumin and hemoglobin, the results reported in this article could have pathophysiological relevance and could contribute to clarify the mechanisms underlying some pathological consequences described in patients affected by hyperhomocysteinemia.